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A/C - D/C POWER SYSTEM WITH INTERNAL FUEL CELL 

CROSS-REFERENCE TO RELATED APPLICATION 

The present application claims the benefit of U.S. Provisional Patent Application 
Serial No. 60/415,061, which was filed on October 1, 2002, by Judith A. Barnes et al for 
an A/C - D/C POWER SYSTEM WITH INTERNAL FUEL CELL and is hereby incor- 
porated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to battery powered electronic devices, and more 
particularly, to systems for recharging and maintaining operation of such battery powered 
electronic devices. 

Background Information 

There are a multitude of battery powered devices which are in wide-spread use 
today including laptop computers, cell phones, personal digital assistants (PDAs), walkie- 
talkies, cordless power tools, and mobile video and video game systems. These devices 
typically operate using a battery that is recharged when the device is not in use. Often, 
the battery is recharged by connecting either the device (or a battery pack for the device) 
into an external A/C source such as the typical 1 10 or 220-volt electrical outlet in the 
consumer's home or office. Many application devices also include an adapter that can 
connect to a D/C source such as an automobile lighter. 

Other devices have been developed that allow a consumer to operate, or re- 
charge, a mobile phone or laptop computer from a PC via a USB port or other electrical 

connector. Other devices have a solar powered battery charger or backup. Travel packs 
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that can charge a battery by electrically connecting an alternating or direct current power 
source or a battery to a rechargeable battery have been developed. However, recharge- 
able batteries are typically kept charged and maintained with the device with which they 
are to be used, even where no alternating current or direct current sources are available to 
charge the application battery when it is discharged. This creates problems where the 
application device user is in traffic, or otherwise does not have access to another source 
of electricity. The opportunity to make a mobile telephone call, or to send Email mes- 
sages, or use a PDA, for example, has been lost. The problem may be anything from a 
mere inconvenience to a life-threatening deficiency, depending on the particular circum- 
stances in which the user finds themselves. 

Furthermore, even though many application devices include rechargeable batter- 
ies, there is a time element required for a recharge, particularly a full recharge, of the ap- 
plication device batteries. Thus, even though an external power source may be available 
to recharge a battery, it may not be convenient or possible for the user to tether the device 
to that external power source at that time. 

There are also devices which can provide power or recharge the battery in an ap- 
plication device that utilize a zinc/air fuel cell system that operates without an external 
power source. Such cells typically can be used for about three charges, or for a quick 
boost allowing device operation for a short period of time, e.g. one brief phone call or 
several short Email messages. The zinc/air fuel cells, however, begin to discharge imme- 
diately upon exposure to oxygen in the air. Thus, these devices must be kept sealed while 
not in use, and even then, air leakage into the cartridge can still cause a small, but contin- 
ual discharge diminishing their effectiveness over time. 

There remains a need for an electrical power system that can be used either to op- 
erate an application device and/or to recharge a battery in an application device that has 
the versatility to be used with a conventional electrical outlet, an automobile D/C current 
source, or an independent power source. It is further desirable if this device can accept a 
new source of fuel to provide power on an "as needed basis." One way to meet these 
demands is to integrate into the device components that are capable of accepting alter- 
nating and/or direct currents to power an application device, as well as a direct oxidation 
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fuel cell which is also capable of powering the application device or charging the battery 
associated with the application device. 

Recently, there have been developments in direct oxidation fuel cell technology. 
Fuel cells are devices in which an electrochemical reaction is used to generate electricity. 
A variety of materials may be suitable for use as a fuel, depending upon the materials 
chosen for the components of the cell. The zinc air fuel cell mentioned previously is one 
example of a fuel cell. In the zinc air fuel cell, exposure to air begins the chemical reac- 
tion that is used to generate electricity. 

Other organic materials such as methanol or natural gas are attractive choices for 
fuel due to their high specific energy. Direct oxidation fuel cell systems use carbona- 
ceous liquid fuel in an aqueous solution (typically aqueous methanol), which is applied to 
the anode face of a membrane electrode assembly (MEA). The MEA contains a protoni- 
cally conductive but, electronically non-conductive membrane (PCM), typically a cata- 
lyst which enables direct oxidation of the fuel on the anode is disposed on one surface of 
the PCM or is otherwise present in the anode chamber of the fuel cell. Upon exposure of 
the PCM to the methanol solution, protons (from hydrogen found in the fuel) and water 
molecules create an anodic reaction, thus separating the protons from the electrons. The 
protons migrate through the PCM, which is impermeable to the electrons. The electrons 
thus seek a different path to reunite with the protons and oxygen molecules involved in 
the cathodic reaction and travel through a load, providing electrical power. 

This reaction begins when the flxel is introduced into the anode chamber and 
comes in contact with the anode face of the PCM. The reaction continues as the fuel sub- 
stance is consumed. Thus, the reaction can be stopped when the fuel is no longer intro- 
duced into the anode chamber or upon separation of the fuel delivery source from the fuel 
cell. Thus, the cell does not continue to provide electricity unless fuel is introduced into 
the anode chamber. 

There remains a further need for such a device that has an independent power 
source that involves an electricity generating reaction which proceeds and produces elec- 
tricity when the electricity is needed, and does not discharge or continue producing power 
when it is not needed. 
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It is thus an object of the present invention to provide a versatile power system for 
providing power to an application device (or a battery for an application device) that can 
be used either with an A/C external source, a D/C external source or an independent 
power cell, and which does not depend on external environmental factors to operate ef- 
fectively. 

SUMMARY OF THE INVENTION 

The disadvantages of prior techniques are overcome by solutions provided by the 
present invention, which is an A/C - D/C power system including an internal, independ- 
ently powered fuel cell (herein referred to as an "A/C-D/C-F/C system"). The system 
includes a portable power unit that can accept electrical current from an alternating cur- 
rent ("A/C") source - typically from a standard electrical outlet; and a direct current 
("D/C") source - perhaps from an automobile lighter unit, though other D/C sources may 
be available. In addition the device also includes a direct oxidation fuel cell, which is an 
independent source of power that does not need an external connection to generate elec- 
tricity to provide power, where neither an alternating current or direct current source is 
readily available. The fuel cell can be utilized when it is necessary or desirable to gener- 
ate power and no A/C or D/C power source is available, making the A/C/-D/C-F/C sys- 
tem useful under a wide variety of circumstances. The direct methanol fuel cell device 
consumes fuel on an as-needed basis and therefore does not substantially discharge while 
not in use and is thus readily available when needed. 

The A/C-D/C-F/C system can be used to power the application device, or to re- 
charge a battery within (or connected to) the application device. In accordance with an- 
other aspect of the present invention, the A/C-D/C-F/C system may include an internal 
rechargeable battery (the "charger battery"). The charger battery may be used as a back- 
up battery should the alternating or direct current sources not be available, and/or if the 
fuel cell is not generating electricity. The charger battery can be recharged by any of the 
A/C power source, the D/C power source or the direct oxidation fuel cell, as desired in a 
particular application. The A/C-D/C-F/C system also includes signal processing and sig- 
nal conditioning circuitry in a power combiner and conditioner, which condition the volt- 
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age signal to deliver power to the application device in a manner that is consistent with 
the application device's requirements. 

In accordance with another aspect of the invention, a modular interface is sup- 
plied which can include the functionality for selecting the correct power supply voltage 
level to deliver to the desired portable electronic device such as mobile telephones, laptop 
computers, PDAs, mobile video and video game systems, and other electronic devices 
with data and/or communications functionality, as well as other electrical devices such as 
flashlights and toys. The interface may have identifying characteristics, which allow the 
A/C-D/C-F/C system to electrically connect to any number of application devices. One 
or more units can be supplied with the device of the present invention to connect the A/C- 
D/C-F/C system of the present invention with the multiple application devices, such as 
PDAs, laptops and mobile telephones, or may be obtained separately. 

In accordance with the method of the present invention, an algorithm is provided 
to determine which power source or sources will be used to power the application device 
or recharge the application device's battery or the charger battery. The algorithm may be 
adjustable by either the OEM or the end user as may be necessary or desirable. A mi- 
croprocessor suitably programmed to carry out this algorithm is included in the A/C-D/C- 
F/C system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention will be described in accordance 
with the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram of the electronic components of the power 
system of the present invention and coupling components for connection to the applica- 
tion device; 

Fig. 2 is a flow chart illustrating the procedure in accordance with the method of 
the present invention; and 

Fig. 3 is an isometric illustration of the A/C-D/C-F/C system of the present in- 
vention showing several alternatives for providing various voltage levels that can be sup- 
plied by the system to application devices. 
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

Fig. 1 illustrates an A/C-D/C-F/C unit 100 that includes a direct oxidation fuel 
cell system 102, which is preferably a direct methanol fuel cell. The A/C-D/C-F/C unit 
100 is preferably a portable unit that can be conveniently carried about, though more sta- 
tionary units also fall within the scope of the invention. The A/C-D/C-F/C unit 100 has 
as inputs a D/C source input 104 by which the unit 100 may be connected to a direct cur- 
rent source, typically an automobile lighter, as is illustrated in schematic form as block 
108 in Fig. 1. The unit 100 also includes an A/C source input 1 14, by which the unit 100 
may be connected to an alternating current source, typically a standard electrical outlet. 
The A/C input 1 14 and D/C input electrically connects the unit 100 to an external alter- 
nating current source 118 or external direct current source 108, respectively. A/C input 
1 14 and D/C input 104 may be simple electrical connectors. 

Power combiner and conditioner 140 receives the D/C current through input 104 
or the A/C current at input 1 14 and can be controlled to switch between the two power 
sources, as desired. The power combiner or conditioner 140 also includes a converter to 
convert alternating current to direct current for charging or powering an application de- 
vice. 

A/C-D/C-F/C unit 100 includes a direct oxidation fuel cell system 102 with a fuel 
cell comprised of a membrane electrode assembly including a protonically conductive, 
electronically non-conductive membrane electrolyte (PCM) having an anode face and an 
opposing cathode face, disposed between an anode chamber and a cathode chamber. A 
catalyst coating is typically disposed upon usually both the anode and the cathode face of 
the PCM. When the fuel solution included in the fuel cell is introduced to the anode face 
of the membrane, the anodic disassociation of the fuel cell into carbon dioxide, protons 
and electrons occurs. A cathodic combination of protons, electrons and oxygen produces 
water. Protons pass through the membrane and electrons travel through an associated 
load whereby electric current is collected from the electricity generating reactions to pro- 
vide electrical current to the load, thus providing the power of the fuel cell system 102. 
The direct oxidation fuel cell system further comprises fluidic systems and other assem- 
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blies and systems that can be used to regulate the operation of the fuel cell system 102. 
Details about the operation and composition of one direct oxidation fuel cell and fuel cell 
system may be found in commonly-owned United States Patent Application Serial No. 
10/084,097, filed on February 22, 2002, for a FUEL DELIVERY CARTRIDGE AND 
ANODIC FUEL RECEPTOR FOR A FUEL CELL, though other direct oxidation fuel 
cells and fuel cell systems are also within the scope of the invention. 

The A/C-D/C-F/C unit 100 of the present invention may further include an inter- 
nal rechargeable battery 130. The internal battery 130, which may alternatively be an- 
other type of power storage device, such as a capacitor or ultracapacitor, is referred to 
herein as the "charger battery." It can be used to power the application device or to store 
power from one of the power sources, namely the fuel cell 102, the D/C source 108 and 
the A/C source 118. Thus, the internal charger battery 130 may be charging while the 
device is connected to either one of the external sources 108, 1 18 so that the battery will 
be folly charged if the A/C-D/C/-F/C unit 100 is not connected to either a D/C source 
108, or an A/C source 118. The charger battery may also be used to conserve fuel in the 
foel cell system 102. The fuel cell systeml02 can be then used to either charge the inter- 
nal charger battery 130, to charge the application battery, or to power the application de- 
vice 190, if no other power source is available. 

As discussed in further detail herein, a microprocessor 136, with which there is 
also additional signal processing and signal condition circuitry and other suitable elec- 
tronics, are contained within the unit 100, with the additional components being shown 
schematically as power combiner and conditioner 140. The microprocessor 136 detects 
the input from the external A/C and D/C power sources (118 and 108 respectively), the 
internal charger battery 130 and the foel cell 102. Depending upon which of these power 
sources is providing a powering function, there may be signal processing or signal condi- 
tioning that occurs within the power combiner and conditioner 140 to cause the power 
signal to be compatible with the specifications of the application device. 

The power combiner and conditioner 140 detects whether input signals from any 
of the power sources exist, and follows a procedure (discussed further herein with refer- 
ence to Fig. 2) to determine which power source is to supply the power signal to the ap- 
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plication device, and depending upon the source chosen, the power combiner and condi- 
tioner includes circuitry that appropriately processes and conditions the signal that is to 
be supplied for powering the application device (i.e. the mobile phone, laptop etc.), 
and/or for recharging the battery in the application device, or for recharging the internal 
charger battery 130. The power combiner and conditioner 140 may include electronic 
circuitry to step down voltages which are too high, to step up voltages that are too low, to 
filter any unacceptable or unnecessary frequency components, and to otherwise condition 
the signal so that it is compatible with the specifications of the application device (not 
shown). The tasks performed by the power combiner and conditioner 140 will depend on 
the signal from the power source and the power requirements of the application de- 
vice 190 itself. 

In addition to the power combiner and conditioner 140, the A/C-D/C-F/C system 
100 of the present invention, in accordance with one embodiment of the invention may 
include a modular interface 192. The modular interface 192 can be a simple cable or 
other component that is compatible with both the A/C-D/C-F/C system 100 and he appli- 
cation device 190. The interface 192 is used to connect the system 100 at connector 193 
with the application device with which it is to be used. This is discussed in further detail 
with reference to Fig.3. 

Referring now to Fig. 2, the method of the present invention will be described. 
Fig. 2 illustrates a procedure 200, in which the program is initiated at step 202. Then, in 
accordance with step 220 the A/C-D/C-F/C system 100, via its power combiner and con- 
ditioner 140 determines whether the application device requires power. This also in- 
cludes determining whether the application battery requires charging. Most application 
devices include the intelligence and electronics to draw power not only for device opera- 
tion, but also for internal battery re-charging. Those skilled in the art will recognize that 
an application device may receive power directly from a power source, or the power may 
be routed to the application battery associated with the device. 

If the application device requires power, for either operation or charging the ap- 
plication battery, or both, then the next step is a choice of the power source in the A/C- 
D/C-F/C system of the invention. This decision is made based on the availability and 
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predetermined preference of power sources programmed into the system. For example, 
in procedure 200, the order of preference of power sources to power the application de- 
vice is, in order of preference, alternating current, direct current, the charger battery, and 
the fuel cell, respectively. More specifically, if in step 222, alternating current is avail- 
able to power the application device, then the alternating current source is used to power 
the device as shown in 223. If instead, an alternating current power source is not avail- 
able, then a decision takes place at step 224, which determines whether the D/C power 
source is available, and if so, then the D/C power source is used to power the application 
device, as illustrated in step 225. 

If neither of the A/C power source or the D/C power sources is available to pro- 
vide power, then the decision tree of procedure 200 proceeds to step 226 to determine 
whether charger battery power is available, and if so, then the charger battery 130 will be 
used to power the application device, as shown in step 227. Finally, if there is no alter- 
nating or direct current source available, and the charger battery is not available (i.e. the 
charger battery is insufficiently charged to power the application device), then the avail- 
ability of the fuel cell is checked at step 228, and if it is available, the application device 
is powered by the fuel cell (step 229). 

Returning to decision step 220 of the procedure 200, after the application device 
is queried about its power needs, and if necessary, power is supplied to the application 
device, the procedure continues. If the application does not require power to operate or 
to charge the application battery, then the procedure continues to step 240 at which it is 
determined whether or not the charger battery should be charged. If the charger battery is 
holding an undesirably low charge, then the battery is recharged by passing a current 
through the charger battery 130. The power source is selected based on the availability 
and predetermined-programmed preference of power sources. For example, in step 242, 
the first decision is whether alternating current is available to charge the charger battery, 
and if so then A/C will be used to charge the application battery, as shown in step 243. If 
an alternating current power source is not available, then a similar procedure takes place 
at step 244, and it is determined whether or not D/C power source is available. If the D/C 
source is available, then as shown in step 245, D/C power is used to charge the internal 
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charger 130. If there is no alternating or direct current source available, then the proce- 
dure continues to step 246, and if the fuel cell is available as a power source, then the 
charger battery can be charged by the fuel cell system 102, as illustrated in step 247. 

Once power is being provided to charge the charger battery, regardless of whether 
power is provided from an alternating current source, a direct current source, or the fuel 
cell system the procedure ends, and may be reinitiated at step 202. 

If the fuel cell system is not available, possibly due to a lack of fuel in the fuel 
cell system, then the procedure may be terminated, shown as step 250. Following the 
termination of the procedure, the procedure may be reinitiated at step 202. 

It should be understood that, in accordance with this aspect of the invention, the 
procedure 200is used for determining the charging of the internal charger battery 130, as 
well as for direct charging of the application battery, and/or for powering the application 
device 190itself, however, the procedure outlined in Fig. 2 can be readily adapted to per- 
form similar steps in a different order, or to omit some functions while performing other 
functions in a different manner, depending upon the particular application device being 
used, and upon the wishes of the end user, and these adaptations can be made by repro- 
gramming the microprocessor 136, while remaining within the scope of the invention. 
For example, the decision tree can be changed to select D/C power, or the fuel cell sys- 
tem as the first priority power supply, if that is desired in a particular application, and this 
is well within the scope of the present invention. 

Another aspect of the invention will be described with reference to Figs. 1 and 3. 
As noted herein, the A/C-D/C-F/C power system 100 of the present invention includes a 
power combiner and conditioner 140 (Fig. 1), and may be coupled to an optional modular 
interface 192. The power combiner/conditioner 140 prepares the signal that is selected in 
accordance with the procedure of Fig. 2 to provide power to the intended application de- 
vice. As will be understood by those skilled in the art, different application devices oper- 
ate on different power supply voltages, i.e. a typical mobile phone operates on 3.6 volts, a 
typical personal digital assistant on 5 volts, and a mobile computer on 19.5 volts. Thus, it 
is desirable that a variety of voltage output levels be available to the end user of the 
AC/DC/FC power system 100 so that it can be readily employed with any of a number of 
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mobile electronic devices. The power combiner conditioner 140 includes the functional- 
ity to provide different power supply voltage levels, while the modular interface may in- 
clude functionality for selecting which level is to be supplied to a particular application 
device. 

More specifically, there are a variety of ways in which to accomplish this goal. 
First, a switch (not shown) connected to the power combiner and conditioner 140, by 
which the user can select the appropriate voltage manually, can be provided on a suitable 
location on the power system 100. 

Another alternative is to include circuitry in the modular interface 192 itself, 
which performs the voltage conversion. In this case the A/C-D/C-F/C system 100 may 
have only one voltage output, and each modular interface 192 for a given application de- 
vice will provide the necessary voltage conditioning. In another embodiment of the in- 
vention, a "smart cable" may be provided with the modular interface 192that includes a 
set of pins, and predetermined pins are used to provide the desired voltage. 

A coupling wire 194 (Fig. 1) that connects to an application device as well as the 
connector 193 of the A/C-D/C-F/C system 100 with different connectors 196 can be sup- 
plied with the system 100 (Fig. 1). For example, a mobile phone typically has a dedi- 
cated plug provided with its manufacturer-supplied power supply cord that is inserted 
into both the phone and a power supply (A/C or D/C, as may be the case) to supply 
power or to recharge the battery of the mobile phone. A power cable with a dedicated 
plug that is inserted into the computer, and a plug that connects to an external power 
source is also typically provided with laptop computers. In accordance with one aspect 
of the invention, a coupling wire 194 may be supplied with or purchased for the system 
100 for each intended application device. Such coupling wires may have dedicated plugs 
either attached to the wire, or selectably removable plugs and may also have, on an oppo- 
site end, a connector that can be plugged into the power system 100 of the present inven- 
tion. 

Alternatively, and with reference to Fig. 3 power system 100 could include cou- 
pling ports 302, 304 and 306. Each port delivers a different power supply voltage for an 
application device. For example, a first power port 302 might deliver 3.6 v (volts), and 
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the second port 304 may deliver 19.5 v, while the third (306) is a 5 volt power supply. A 
coupling wire will include dedicated plugs at both ends of the coupling wire 194, one of 
which will provide an electrical connection to the A/C-D/C-F/C power system and the 
other which will provide the appropriate voltage to the application device. In order to 
prevent a delivery of an inappropriate voltage to a given application device only the con- 
nector for that a device requiring the associated voltage will fit into the appropriate port 
(302, 304 and 306) in the A/C-D/C-F/C system 100. Each port may also have a particular 
shape, or pin pattern, that couples only with the connector for that port, in order to protect 
application devices from being supplied with the incorrect voltage. Of course, there are 
other ways in which the correct voltage may be selected and supplied by the A/C-D/C- 
F/C system 100, as suggested herein, while remaining within the scope of the present in- 
vention. 

It should be understood that the present invention provides a simple and efficient 
system for offering readily available power to an electronic application device such as a 
laptop computer, a personal digital assistant and/or a mobile phone. The device provides 
a variety of powering options for hand-held or other portable electronic devices that is 
versatile and which can provide emergency back up power when external sources are un- 
available and even when rechargeable batteries have discharged down below an operating 
level. The direct oxidation fuel cell contained within the device does not discharge over 
time without use and thus provides an independent power source that is extremely reli- 
able and available when needed. Thus, it should be understood that the charging system 
of the present system provides many advantages. 

The foregoing description has been directed to specific embodiments of the in- 
vention. It will be apparent, however, that other variations and other modifications may 
be made to the described embodiments with the attainment of some or all of the advan- 
tages of such. 

What is claimed is; 
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